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Background: Prior to the present study, the seroprevalence of leptospirosis in Irish suckler herds was unknown. In
this study, we describe the herd and animal-level prevalence of Leptospira Hardjo infection in the Irish suckler cattle
population. For the purposes of the study, the 26 counties of the Republic of Ireland were divided into 6 regions
from which a representative number of herds were selected. A herd was considered eligible for sampling if it was
not vaccinating against leptospirosis and if it contained≥ 9 breeding animals of beef breed≥ 12 months of age. In
total, 288 randomly selected herds were eligible for inclusion in the seroprevalence dataset analysis. Serological
testing was carried out using a commercially available monoclonal antibody-capture ELISA, (sensitivity 100%;
specificity 86.67%).
Results: Herds were categorised as either “Free from Infection” or “Infected” using the epidemiological software
tool, FreeCalc 2.0. Using this classification, 237 herds were “Infected” (82.29%). The South West and South East
regions had the highest herd prevalence. The regional effect on herd prevalence was largely mirrored by breeding
herd size. A true animal-level prevalence of 41.75% was calculated using the epidemiological software tool, TruePrev.
There was a statistically significant regional trend, with true prevalence being highest in the South East (P< 0.05).
The median Breeding Herd Size (BHS), when categorised into quartiles, had a statistically significant influence on
individual animal true seroprevalence (P< 0.001); true seroprevalence increased with increasing BHS.
Conclusions: Leptospirosis is a widespread endemic disease in the Republic of Ireland. It is possible that economic
losses due to leptospirosis in unvaccinated Irish suckler herds may be underestimated.
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Leptospirosis is a well recognised disease of cattle world-
wide [1-7]. Two species of leptospires are associated
with the disease: Leptospira interrogans serovar Hardjo
and Leptospira borgpetersenii serovar Hardjo. Whilst
there are genetic, epidemiological and pathogenic differ-
ences between the two species, the two microorganisms
are indistinguishable by serological tests [8-10]. Collect-
ively, both species can be referred to as Leptospira
Hardjo. Leptospira Hardjo mainly causes reproductive
disease, i.e. abortion, mummification, stillbirth, premature
and term birth of weak calves [11-14], as well as causing
milk drop syndrome in dairy herds [15,16]. Cattle act as a
maintenance host for Leptospira Hardjo [17], and shed* Correspondence: eoin.g.ryan@ucd.ie
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reproduction in any medium, provided the orleptospires in both urine and discharges from the genital
tract [18-23]. Leptospirosis is recognised as a significant
zoonotic disease of farmers, farm workers and workers
involved in the agricultural industry worldwide [24-27].
Leptospirosis due to Leptospira Hardjo is recognised as a
cause of clinical disease in cattle in the Republic of Ireland
and Northern Ireland [14,28]. In a more recent study of un-
vaccinated Irish dairy herds, 79% had a positive bulk tank
milk ELISA titre to Leptospira Hardjo [29]. Prior to the
present study, the seroprevalence of leptospirosis, and asso-
ciated risk factors, in Irish suckler herds were unknown.
In this study, we describe the herd and animal-level
prevalence of Leptospira Hardjo infection in the suckler
cattle population in the Republic of Ireland. Herd-level
results are presented by area (region and county) and
breeding herd size, and animal-level results by area,
breeding herd size, age and sex.d. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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Study design
This seroprevalence study was conducted using a cross-
sectional study design, in conjunction with a national sur-
vey to estimate the prevalence of paratuberculosis in Ire-
land [30]. With permission from officials of the
Department of Agriculture, Food & Fisheries, serum sam-
ples were selected in 2005 and 2006 at the Central Regional
Veterinary Laboratory, Abbotstown, Co. Dublin. A list of
herds and individual animals displaying their tag numbers,
age, sex and breed was available. This population of herds
was a subset of the national herd as chosen randomly from
the herds tested for brucellosis in 2004 and 2005 under the
National Brucellosis Eradication Scheme. They consisted of
1,000 herds (mixed suckler and dairy) randomly chosen
from an eligible total of 96,163 herds where at least one calf
had been registered on the Cattle Movement Monitoring
System (CMMS) as born in the herd in 2003 [31]. One ml
of serum was collected for each animal included in the
study and transported to the Veterinary Sciences Centre,
UCD for laboratory analysis. Samples were frozen at-20°C
between collection and ELISA testing.
Study population
The reference population consisted of the 1,000 herds
(mixed suckler and dairy). A random sample of suckler
herds was then chosen from among this mixed subset ofFigure 1 Regions in the Republic of Ireland used in the Leptospira Hathe population. The individual animal eligibility criteria
were unvaccinated females and bulls of beef breeds≥12
months of age. Only herds with≥9 eligible animals were
included in the study.
Assuming a herd seroprevalence of 70% in Irish suckler
herds (83,630 herds), in accordance with results in Irish
and UK herds (Leonard et al., 2004; Pritchard, 1987), the
number of herds required for sampling, to estimate the
prevalence of leptospirosis to within 5% at the 95% confi-
dence level was 320 [32]. The number of herds and cows
in the Irish suckler population was taken from data in the
Central Statistics Office Census of Agriculture, 2000 [33].
The 26 counties of the Republic of Ireland were divided
into 6 regions (Region 1 – North West; Region 2 – West
Connaught; Region 3 – North Munster; Region 4 – South
West Munster; Region 5 – South East Leinster; Region 6 –
North Leinster/South Ulster) based on broadly similar hus-
bandry practices and farmland type, with each region con-
taining approximately 200,000 suckler cows (Figure 1).
The number of herds sampled in each region was pro-
portionate to the percentage of the national herd made
up by the herds in that region (Table 1).
ELISA
The Linnodee Leptospira ELISA KitTM (Linnodee Animal
Care, Ballyclare, Northern Ireland) [34,35] was used to
test all serum samples. This ELISA detects an antibodyrdjo seroprevalence study.
Table 1 The number of suckler herds required for
sampling (proportional sample) per region in a
Leptospiral seroprevalence study in proportion to the
percentage of the National Suckler Herd made up by











Region 1 185,665 15,880 19.0 61
Region 2 202,787 18,140 21.7 71
Region 3 186,928 10,470 12.5 40
Region 4 197,100 13,970 16.7 54
Region 5 208,816 11,880 14.2 46
Region 6 205,693 13,290 15.9 51
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common to both Leptospira borgpetersenii serovar
Hardjo and Leptospira interrogans serovar Hardjo [35].
This was a double sandwich ELISA in which Hardjo anti-
gen was bound to wells pre-coated with Hardjo lipopoly-
saccharide specific monoclonal antibody. This Hardjo
antigen reacted with Hardjo-specific antibodies in the
diluted bovine sera after it was transferred to the plate
wells. Positive and negative sera controls were provided
with the ELISA kit and three replicates of each control
were used per plate. The immobilised Hardjo antibodies
were then detected by the addition of peroxidase conju-
gated antibody. This was then quantified by measuring the
amount of labelled detection antibody bound to the
matrix using a chromogenic substrate (TMB). The plate
was read using a molecular devices VersaMax TM micro-
plate reader (Associates of Cape Cod Incorporated, Mas-
sachusetts, USA) at a wavelength of 450 nm. The test was
assumed to have a sensitivity and specificity of 100% and
86.67%, respectively, as reported previously [34].
Questionnaire
A questionnaire was posted to all herds initially chosen for
the study (320 herds), to determine the vaccination status
of each herd, and to collect epidemiological data on poten-







Region 1 61 65 1011
Region 2 71 63 1018
Region 3 40 51 918
Region 4 54 51 867
Region 5 46 50 888
Region 6 51 40 664
Totals 323 320 5366in Irish suckler herds. The results of the questionnaire sur-
vey will be discussed in a separate paper on the risk factors
for Leptospira Hardjo in Irish beef/suckler herds. The
herdowners that did not return the questionnaire were
contacted by telephone to determine whether they were
vaccinating against leptospirosis and, thus, whether they
were eligible for inclusion in the study.
Variables
In this study, the key measures of interest included herd-
and animal-level seroprevalence. The results were pre-
sented by area (region and county) and breeding herd
size (for herd- and animal-level prevalence), and also by
age and sex (animal-level prevalence only).
Herd-level seroprevalence
Herd-level seroprevalence was determined after first de-
fining each study herd as “infected” or not, based on the
serological results obtained. A programme, FreeCalc 2.0
[36-38], was used during herd classification, calculating
the probability of freedom from infection in each study
herd, given the test results, the likely minimum herd
prevalence assuming infection, the limitations of the
serological test (in particular, imperfect specificity lead-
ing to false positive results) and after accounting for fi-
nite herd size. The methodology is a probabilistic
approach to this problem, with the application of a
hypergeometric exact probability formula and a result
expressed in terms of probability of freedom. The fol-
lowing data were used during these calculations: test
(ELISA) sensitivity and specificity, estimated minimum
expected (within-herd) infection prevalence, and popula-
tion (herd) size. Herd-level sensitivity (HSENS) and
herd-level specificity (HSPEC) were chosen to be 95%
respectively. Based on knowledge of the biology of the
disease [39], on published within-herd prevalence rates
in endemic herds (62% [40]; 41.8% [41]), and using a
trial and error approach, it was found that a within-herd
prevalence of 40% allowed the rejection of the null hy-
pothesis (null hypothesis = herds are infected) when
















Table 3 Herd prevalence (%) of Leptospiral infection by
region in a Leptospiral seroprevalence study, with data











Region 1 10 48 58 82.76 20.5
Region 2 13 41 54 75.93 19.5
Region 3 10 40 50 80.00 28.0
Region 4 7 40 47 85.11 21.0
Region 5 3 42 45 93.33 28.0
Region 6 8 26 34 76.47 23.5
National 51 237 288 82.29 22.00
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86.67%. For herds of< 20 eligible breeding animals, all
animals were sampled. Ultimately, all herds were classi-
fied as either “Free from Infection” or “Infected” at the
95% confidence interval at a within-herd prevalence of
40%.Animal-level seroprevalence
Individual animal seroprevalence was determined by the
Linnodee Bovine Leptospirosis KitTM ELISA (LLK). AFigure 2 Herd prevalence (%) of Leptospiral infection by region withsample was considered positive if the Ratio>Negative
Cut-off where:
Ratio ¼ sample OD=mean positive control ODð Þ
Negative Cutoff ¼ ðmean negative control OD=
mean positive control ODÞ  2
Where OD=optical density.
The apparent prevalence within each herd was calcu-
lated by expressing the number of ELISA-positive ani-
mals as a percentage of the total number of animals
sampled in the herd. Estimated true within-herd preva-
lence, at the 95% confidence interval, was then calcu-
lated by using the epidemiological computer software
tool, TruePrev [42], which takes into account the sensi-




Data were managed using Microsoft Excel (Microsoft
Office 2007, Microsoft Corporation, Redmond, Wash-
ington, USA) and processed using PASW Statistics 18
(SPSS Inc., Chicago, USA).prevalence divided by quartiles.
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The one-way ANOVA test was used to assess the rela-
tionship between median breeding herd size, divided by
quartiles, and within-herd true prevalence. For other
associations, the lack of overlap of relevant confidence
intervals was used to demonstrate statistical significance.Results
Study population
The total number of herds from which serum samples
were obtained was 320 (Table 2), of which, vaccination
was practised in 21 herds and 11 herds were ineligible
due to inadequate size, leaving a total of 288 herds eli-
gible for inclusion in the study. Herds were sampled in
all counties except Dublin.
Table 2 also summarises the number of individual ani-
mals that were tested in each region. In total, sera from
5,366 eligible animals were ELISA-tested.Figure 3 Median breeding herd size by region with herd size dividedDescriptive data
Herd-level seroprevalence
Analysis of the results contained in Table 3 reveal that
82.29% of the 288 herds sampled were classified as infected
(HSENS & HSPEC of 95%). Herd prevalence varied from
75.93% in Region 2 herds to 93.33% in herds in Region 5.
Figure 2 displays herd prevalence per Region by divid-
ing the data into quartiles. This shows that South West
Munster (Region 4) and South East Leinster (Region 5)
had the highest herd prevalence, with West Connaught
(Region 2) and North Leinster/South Ulster (Region 6)
having the lowest herd prevalence.
Median Breeding Herd Size (BHS) for each Region is
also presented in Table 3. It can be seen that Regions 3
and 5 have the largest median BHS. The results for me-
dian BHS per region were divided by quartiles and
mapped (Figure 3). This figure clearly displays a regional
effect with the largest herds occurring in the South East
(Regions 3 and 5) of the country.by quartiles.
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The results of the individual animal ELISA testing are dis-
played by Region, Age, Sex and Breeding Herd Size in
Table 4. It can be seen that there is a true prevalence of
41.75% on a national level. True prevalence was highest in
Region 5 at 48.16%, while Region 1 had the lowest true
prevalence at 36.32%. As with the herd prevalence data,
there is a regional trend, with true prevalence being highest
in the South East (Region 3 and 5) of the country. This is
illustrated in Figure 4. When the 95% confidence intervals
were examined, there were statistically significant differ-
ences in true prevalence between Region 1 and Regions 2, 3,
5 & 6 and between Region 2 and Regions 3 & 5 (P< 0.05).
To more accurately assess the influence of BHS on in-
dividual animal seroprevalence, BHS was divided by
quartiles (Table 4). There was a statistically significant
influence of BHS on individual animal true seropreva-
lence; true seroprevalence increases with increasing BHS
(Figure 5). Statistical analysis carried out using the one-
way ANOVA test showed that there was a statistically
significant difference in within-herd prevalence between
first quartile and fourth quartile herds, and between sec-
ond quartile herds and fourth quartile herds (P< 0.001).
The two most common breeds were Charolais (1,659)
and Limousin (1,139). True seroprevalence by breed is
displayed in Figure 6. There were statistically significantTable 4 The seroprevalence of Leptospira Hardjo in individua







Region 1 558 453 10
2 518 500 10
3 436 482 91
4 468 399 86
5 399 489 88
6 330 334 66
Age Unknown 29 37 66
1–2 yrs 763 726 14
2–3 yrs 207 180 38
3–5 yrs 776 777 15
5–9 yrs 527 527 10
>9 yrs 407 410 81
Sex Unknown 29 37 66
Female 2570 2514 50
Male 110 106 21
Breeding Herd Size ≤13 453 325 77
14–23 824 709 15
24–32 624 572 11
33–142 808 1051 18
ALL 2709 2657 53differences in breed seroprevalence between Aberdeen
Angus and Belgian Blue (P< 0.05); between Aberdeen
Angus and Charolais (P< 0.05) and between Aberdeen
Angus and Limousin (P< 0.05).
There was little variation in individual animal true sero-
prevalence according to age category or sex (Table 4).
Discussion
This was the first serological survey of Leptospiral infec-
tion due to Leptospira Hardjo in suckler cattle herds in
the Republic of Ireland. The survey provides useful de-
scriptive epidemiological data, because herds were dis-
tributed throughout the country (with the exception of
Co. Dublin) and were sampled in proportion to the
number of herds in each Region. Regional influences on
seroprevalence have previously been shown to be im-
portant in dairy herds in Ireland [29].
Key results
The key results to emerge from this study were the find-
ing that there was an overall herd prevalence of 82.29%
(HSENS & HSPEC of 95%), and an individual animal
true seroprevalence of 41.75% nationally, indicating that
leptospirosis is a widespread endemic disease in this
country. There was also a notable regional variation in









11 44.81 36.32 34.67 - 37.96
18 49.12 41.29 39.64 - 42.93
8 52.51 45.20 43.47 - 46.93
7 46.02 37.72 35.94 - 39.49
8 55.07 48.16 46.40 - 49.91
4 50.30 42.66 40.62 - 44.69
56.06 49.30 42.88 - 55.71
89 48.76 40.88 39.51 - 42.23
7 46.51 38.28 35.62 - 40.94
53 50.03 42.35 41.01 - 43.67
54 50.00 42.31 40.69 - 43.92
7 50.18 42.52 40.68 - 44.35
56.06 49.30 42.88 - 55.71
84 49.45 41.67 40.93 - 42.41
6 49.07 41.23 37.66 - 44.80
8 41.77 32.81 30.95 - 34.67
33 46.25 37.98 36.64 - 39.32
96 47.83 39.80 38.29 - 41.32
59 56.54 49.85 48.64 - 51.06
66 49.52 41.75 41.03 - 42.47
Figure 4 True seroprevalence (%) of Leptospiral infection in individual animals by region, with seroprevalence divided by quartiles.
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the West having the lowest prevalence. This clear re-
gional demarcation is mirrored closely by median Breed-
ing Herd Size in these regions. The association between
median breeding herd size, sorted by quartiles, and
within-herd prevalence was found to be statistically sig-
nificant (P< 0.001).
Limitations of the study
While herds were chosen at random, they were chosen
from a defined population, i.e. the paratuberculosis study
herds, which may have led to a degree of bias. However,
there was a wide distribution of herd sizes amongst the
320 selected herds and 25 counties were represented, with
good proportionality between regions. The decision to
apply a modified stratified sampling approach to the selec-
tion of eligible animals from herds of different sizes was
made in order to remain within the budgetary constraints
of the study and is a recognised approach to adopt in stud-
ies such as this [43]. From the point of view of classifying
herds as “Free from Infection” or “Infected”, the softwareprogram, FreeCalc 2.0 [36], allowed for the entry of each
herd’s true breeding herd size, as well as the number of
animals tested and the number of positive reactors, when
calculating herd disease status.
The relative lack of specificity of the LinnodeeTM ELISA
(LLK) (86.67%), when compared to the Microscopic Ag-
glutination Test (MAT), could be considered a limitation
of the study. The “gold standard” serological test for lepto-
spirosis recognised by the World Organisation for Animal
Health (OIE) is MAT [44]. The MAT is, however, consid-
ered a relatively weak gold standard by most specialists in
this field. The ELISA compares favourably to other pub-
lished and commercial ELISAs based on sensitivity and
specificity. The mean sensitivity and specificity, compared
to the MAT test, for 10 published Leptospira Hardjo ELI-
SAs is 96.31% and 90.62%, respectively [34,45-53]. It must
be noted that the manufacturers of the LLK have changed
the criteria for the calculation and interpretation of results
since 2009, with S/P ratios now used. The current LLK has
a declared sensitivity of 94.1% and a specificity of 94.8%.
When the original OD values are used, the new S/P Ratio
Figure 5 Influence of breeding herd size on true
seroprevalence (%) of Leptospiral infection in individual
animals.
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46% and a herd-level seroprevalence of 89.9% (using
FreeCalc with the new values for ELISA sensitivity and
specificity). The differences in herd-level and individual
animal seroprevalence between the actual findings of this
study, using the original calculations as detailed in the
Materials and Methods, and the findings when using S/P
ratios and the changes in test sensitivity and specificity
would be statistically significant. However, there are mater-
ial differences in the constituents of the current LLK com-
pared to the LLK ELISA used in this study (peroxidase
conjugated antibody of 1000 x concentrate versus the ori-
ginal peroxidase conjugated antibody of 5000 x concen-
trate; stop reagent of 1 M H2SO4 versus the original stop
reagent of 0.5 M H2SO4). This means that it is not pos-
sible to validate a direct comparison of test results using
both kits. It is the authors’ view that this does not invali-
date the results of this study. Although the results obtained
in this study may not be directly comparable to results gen-
erated according to the manufacturer’s current recommen-
dations, neither are they directly comparable to results
generated by other ELISA methods nor to results gener-
ated by the MAT, as published in other prevalence surveys.
Most tests have imperfect animal-level sensitivity and
specificity, which means that the categorisation of the
herd as either positive or negative (i.e. herd tests) is also
imperfect [54]. To overcome the problem of relative lack
of specificity of the LLK ELISA, and to account for the
finite nature of the population, we used a published for-
mula [38], and a within-herd seroprevalence of 40% was
selected as indicative of herd infection. At a within-herd
seroprevalence of 40%, it is likely that there are carrier
animals in a herd and active transmission of leptospires.Interpretation
The finding of a national herd prevalence of Leptospira
Hardjo of 82.29% (HSENS & HSPEC of 95%) suggests
that bovine leptospirosis is endemic in the Irish suckler
cattle population. This finding is closely aligned with the
findings of Leonard et al. [29], who found that 79% of
Irish dairy herds had a positive ELISA titre on bulk milk
analysis. In work carried out in Northern Ireland in the
early eighties, cultural and serological studies indicated
that infection by the Hebdomadis serogroup was already
highly prevalent in the Northern Ireland cattle popula-
tion. In a combined random survey of both beef and
dairy cattle, 34.7% had antibody titres of 1:100 or greater
to serotype Hardjo using the MAT test, while leptospires
belonging to the Hebdomadis serogroup were isolated
from the kidneys of 57 (28.5%) of the cattle cultured
[17]. The herd prevalence of Leptospira Hardjo appears
to be higher in the Republic of Ireland than in many
countries around the world: the serological herd preva-
lence of Leptospira Hardjo in beef herds in England was
72% [55]; in Spain, herd prevalence was 11% among beef
herds [4]; and in the USA 42% of suckler herds had evi-
dence of infection with Leptospira borgpetersenii serovar
Hardjo, [56].
The high individual animal seroprevalence of 41.75% na-
tionally, is also highly significant. Ellis and colleagues
reported a high rate of Leptospiral carriage among heifers
and aged cows in a Belfast abattoir in 1986 [57]. Following
bacteriological culture, they found that 57% of animals
had serovar Hardjo in their genital tracts and 62% in their
urinary tracts [57]. Our prevalence findings are far in ex-
cess of published seroprevalence data from England, where
animal seroprevalence figures of 24.2% [58] and 18% [55]
have been described in mixed beef and dairy herd studies.
The potential factors contributing to the high herd and
individual animal seroprevalence of Leptospira Hardjo in
the Irish suckler cattle population are unknown. Accord-
ing to Ellis, strains such as Hardjo that are adapted to and
maintained by cow-to-cow transmission are independent
of region and rainfall [2]. It is most likely then, that the
high herd and animal seroprevalence in this country is
related to the high level of carrier animals [57] and stand-
ard suckler farming practices in Ireland that facilitate
transmission of the disease, for example housing of cows
and calves together over the winter period. In an Irish
context, it appears that calves, reared alongside carrier
cows, are exposed to Hardjo at a young age and are
already seropositive prior to 12 months of age. This is in
contrast to findings in epidemiological studies in dairy
herds where heifers are much more likely to be immuno-
logically naïve on entering the milking herd [59]. The
increased sensitivity of recently developed ELISAs, such as
the LLK ELISA, may also explain the increased animal























True Prevalence by Breed showing 95% Confidence 
Interval Ranges
Figure 6 True seroprevalence (%) of Leptospiral infection by breed showing 95% confidence interval ranges.
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ing herd size in the same regions is a key result. The
highest herd prevalence occurred in Region 5 (South-
East), as did the largest median breeding herd size. Simi-
larly, the lowest herd prevalence and the lowest median
breeding herd size occurred in Region 2 (West). As with
herd-level prevalence, the main factor associated with
increased individual animal seroprevalence was breeding
herd size, an association which was statistically signifi-
cant (P< 0.001). The reason for this association most
likely relates to the increased risk of exposure, transmis-
sion and persistence of infections in larger intensive
herds [60,61]. A positive association between herd size
and the presence of positive animals has been reported
previously for Hardjo infection in cattle [12,62].
The regional variation in prevalence that was found in
this study has been reported in other studies also: in
Switzerland [63], Australia [64], Mexico [65,66] and the
USA [57,67]. Collectively, those authors reported a range
of possible factors for the regional differences, including
soil type, mean temperature and herd management prac-
tices. However, almost all of these studies involved a
number of Leptospiral serovars as well as Hardjo. As
cattle are the maintenance host for Leptospira Hardjo,
environmental influences such as soil type, rainfall and
mean temperature are unlikely to contribute significantly
to the regional variation in Hardjo prevalence in Ireland
[2]. It is the view of the authors, based on the findings of
this current study, that the high prevalence occurring in
the South East of Ireland is related directly to the larger
suckler herd sizes in this region with increased transmis-
sion of infection, as previously mentioned.
The finding of statistically significant differences in
breed seroprevalence, especially between Aberdeen Angusand Belgian Blue, has not been described previously. How-
ever, due to the heterogenous nature of these breeds, care
must be taken not to over-interpret these findings.
Implications for the farming industry
The high prevalence of Leptospira Hardjo in Irish suck-
ler herds may have implications for both animals and
humans. There is recent evidence from a number of
countries that Hardjo continues to cause substantial re-
productive losses in cattle through abortion [11,68-73],
and infertility [57,70,74-78]. Thus it is possible that
losses in unvaccinated Irish suckler herds may be under-
estimated, although further work is required to establish
the true extent of disease due to L. Hardjo in these
herds. It will be important to relate the findings of this
study to Irish suckler farmers, through educational bod-
ies and bodies working towards the improvement of ani-
mal health and welfare throughout the country, e.g.
Animal Health Ireland (AHI).
In addition to possible losses in these herds due to ani-
mal disease, zoonotic disease due to Leptospira Hardjo
could also occur. There is a higher incidence of zoonotic
disease due to Leptospira Hardjo in the Republic of Ire-
land than in England, with the highest incidence in the
South-East [79]. It is thought that this increased inci-
dence of disease due to Hardjo in the South-East is asso-
ciated with the high concentration of cattle per square
kilometre, both dairy and beef, in this region [79]. The
same zoonotic risk does not apply in a suckler herd
compared to a dairy herd. Dairy farmers are at most risk
from urine splashing in the parlour. However, in a sero-
logical survey of farmers in Northern Ireland, antibodies
to L. Hardjo were found in 2.9% of beef producers and
1.9% of mixed or arable farmers, as well as 6.4% of milk
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ary practitioners must continue to take correct precau-
tions when calving suckler cows and when dealing with
vaginal discharges.
Abbreviations
AHI: Animal Health Ireland; ANOVA: Analysis of Variance; BHS: Breeding Herd
Size; CMMS: Cattle Movement Monitoring System; ELISA: Enzyme Linked
Immunosorbent Assay; HSENS: Herd-level Sensitivity; HSPEC: Herd-level
Specificity; LLK: LinnodeeTM Bovine Leptospirosis Kit ELISA; MAT: Microscopic
Agglutination Test; ml: Millilitre; nm: Nanometre; OD: Optical Density;
OIE: World Organisation for Animal Health; P: Probability Value; UK: United
Kingdom; USA: United States of America.
Competing interests
None of the authors has any financial or personal relationships that could
inappropriately influence or bias the content of the paper. This research was
funded by Intervet/Schering Plough Animal Health, a pharmaceutical
company that manufactures and sells a vaccine against Leptospira Hardjo.
However, this has not influenced the nature of the study, the results of the
study or the conclusions of the study.
Authors’ contributions
EGR collected the serum samples, performed the ELISA tests and was the
primary author of the paper. NL provided specific expertise in the field of
bovine leptospirosis, as well as acting as one of the supervisors of the
project. SM and LOG provided expertise in relation to the statistical
interpretation of data and the structured writing of the paper, in addition to
supervising the project. MLD acted as principal supervisor to the project and
provided expertise in the area of population research. All authors read and
approved the final manuscript.
Acknowledgements
The authors thank Intervet/Schering-Plough Animal Health for financial
assistance with this study. The contributions of Linnodee Animal Care Ltd.,
the Department of Agriculture & Food and the Central Regional Veterinary
Laboratory are greatly appreciated. The authors would also like to thank
Tracy Clegg and Gearoid Sayers for aid in the statistical calculations, together
with Aidan Kelly for technical support and guidance.
Received: 25 July 2011 Accepted: 10 April 2012
Published: 30 April 2012
References
1. Ellis WA: The diagnosis of abortion due to Leptospira interrogans serovar
hardjo [cattle in Northern Ireland]. In Proceedings of the Second
International Symposium of Veterinary Laboratory Diagnosticians, June 24–26,
1980; Lucerne, Edited by the Swiss Association of Veterinary Laboratory
Diagnosticians, Volume I 1980.
2. Ellis WA: Bovine leptospirosis in the tropics: prevalence, pathogenesis
and control. Prev Vet Med 1984, 2:411–421.
3. Bolin CA: Clinical signs, diagnosis, and prevention of leptospirosis in
cattle. Cattle Practice 2001, 9:267–273.
4. Alonso-Andicoberry C, García-Peña FJ, Pereira-Bueno J, Costas E, Ortega-Mora
LM: Herd-level risk factors associated with Leptospira spp. seroprevalence
in dairy and beef cattle in Spain. Prev Vet Med 2001, 52:109–117.
5. Elder JK, Pepper PM, Hill MWM, Ward WH: The significance of Leptospiral
titres associated with bovine abortion. Aust Vet J 1985, 62:258–262.
6. Pritchard DG: National situation of leptospirosis in the United Kingdom.
In The present state of leptospirosis diagnosis and control, Edited by W.A. Ellis
& T.W.A. Little; Martinus Nijhoff Publishers, Dordrecht, 221-223, 1986.
7. Langoni H, de Souza LC, da Silva AV, Luvizotto MCR, Paes AC, Lucheis SB:
Incidence of Leptospiral abortion in Brazilian dairy cattle. Prev Vet Med
1999, 40:271–275.
8. Ellis WA, Thiermann AB, Marshall RB: Genotypes of Leptospira hardjo and
their role in clinical disease. Proceedings of 14th World Congress on Diseases
of Cattle, Dublin 1986, 2:966–970.
9. Ellis WA: Leptospirosis-A review of veterinary aspects. Irish Vet News 1990,
12:6–12.10. Ellis WA: The diagnosis of leptospirosis in farm animals. In The Present
State of Leptospirosis Diagnosis and Control. Edited by Ellis WA, Little TWA.
Dordrecht, The Netherlands: Martinus Nijhoff; 1986:13–31.
11. Ellis WA, O’Brien JJ, Neill SD, Bryson DG: Bovine leptospirosis: experimental
serovar hardjo infection. Vet Microbiol 1986, 11:293–299.
12. Ellis WA: Leptospirosis as a cause of reproductive failure. Vet Clin North
Am Food Anim Pract 1994, 10:463–478.
13. Ellis WA, Cassells JA, Doyle J: Genital leptospirosis in bulls. Vet Rec 1986,
118:333.
14. Ellis WA, O’Brien JJ, Bryson DG, Mackie DP: Bovine leptospirosis: some
clinical features of serovar hardjo infection. Vet Rec 1985, 117:101–104.
15. Pearson JKL, Mackie DP, Ellis WA: Milk drop syndrome resulting from
Leptospira hardjo. Vet Rec 1980, 106:135–136.
16. Ellis WA, O’Brien JJ, Pearson JKL, Collins DS: Bovine leptospirosis: infection
by the Hebdomadis serogroup and mastitis. Vet Rec 1976, 99:368–370.
17. Ellis W, O’Brien J, Cassells J: Role of cattle in the maintenance of
Leptospira interrogans serotype hardjo infection in Northern Ireland. Vet
Rec 1981, 108:555–557.
18. Leonard FC, Quinn PJ, Ellis WA, O’Farrell K: Duration of urinary excretion of
leptospires by cattle naturally or experimentally infected with Leptospira
interrogans serovar hardjo. Vet Rec 1992, 131:435–439.
19. Leonard FC, Quinn PJ, Ellis WA, O’Farrell K: Association between cessation of
leptospiruria in cattle and urinary antibody levels. Res Vet Sci 1993, 55:195–202.
20. Dhaliwal GS, Murray RD, Dobson H, Montgomery J, Ellis WA, Baker JR:
Presence of antigen and antibodies in serum and genital discharges of
heifers after experimental intrauterine inoculation with Leptospira
interrogans serovar hardjo. Res Vet Sci 1996, 60:157–162.
21. Dhaliwal GS, Murray RD, Dobson H, Montgomery J, Ellis WA: Presence of
antigen and antibodies in serum and genital discharges of cows from
dairy herds naturally infected with Leptospira interrogans serovar
hardjo. Res Vet Sci 1996, 60:163–167.
22. Ellis WA: The genital tract as a carrier site for host maintained
leptospires. Isr J Vet Med 1987, 43:343.
23. Ellis WA, O’Brien JJ, Cassells JA, Neill SD, Hanna J: Excretion of Leptospira
interrogans serovar hardjo following calving or abortion. Res Vet Sci 1985,
39:296–298.
24. Belmaker I, Alkan M, Barnea A, Dukhan L, Yitzhaki S, Gross E: Risk of
transmission of Leptospirosis from infected cattle to dairy workers in
Southern Israel. Isr Med Asso J 2004, 6:24–27.
25. Bharti AR, Nally JE, Ricaldi JN, Matthias MA, Diaz MM, Lovett MA, Levett PN,
Gilman RH, Willig MR, Gotuzzo E, Vinetz JM: Leptospirosis: a zoonotic
disease of global importance. Lancet Infect Dis 2003, 3:757–771.
26. Ellis-Iversen J, Cook AJC, Watson E, Nielen M, Larkin L, Wooldridge M,
Hogeveen H: Perceptions, circumstances and motivators that influence
implementation of zoonotic control programs on cattle farms. Prev Vet
Med 2010, 93:276–285.
27. Levett PN: Leptospirosis: a forgotten zoonosis? Clin Appl Immunol Rev
2004, 4:435–448.
28. Quinlan JF: Perinatal mortality in dairy calves associated with Leptospira
interrogans serovar hardjo infection. Ir Vet J 1982, 36:124–126.
29. Leonard N, Mee JF, Snijders S, Mackie D: Prevalence of antibodies to
Leptospira interrogans serovar hardjo in bulk tank milk from
unvaccinated Irish dairy herds. Ir Vet J 2004, 57:226–231.
30. Good M, Clegg T, Sheridan H, Yearsely D, O’Brien T, Egan J, Mullowney P:
Prevalence and distribution of paratuberculosis (Johne’s disease) in
cattle herds in Ireland. Ir Vet J 2009, 62:597–606.
31. CMMS: Statistics Report National Beef Assurance Division. Dublin, Ireland: The
Department of Agriculture and Food; 2003.
32. Cannon RM, Roe RT: Livestock disease surveys: a field manual for veterinarians.
Canberra, Australia: Industry ABoAHDoP Australian Government Pub. Service;
1982.
33. Central Statistics Office: Census of Agriculture, Ireland. 2000.
34. Kavanagh OV, Skibinska A, Mackie DP, Montgomery JM, Logan EF, Ellis WA: 73.
Bovine leptospirosis: Validation of an ELISA to detect antibodies to
Leptospira borgpetersenii serovar hardjo. Res Vet Sci 2002, 72:26–26.
35. Yan KT, Ellis WA, Mackie DP, Taylor MJ, McDowell SWJ, Montgomery JM:
Development of an ELISA to detect antibodies to a protective
lipopolysaccharide fraction of Leptospira borgpetersenii serovar hardjo in
cattle. Vet Microbiol 1999, 69:173–187.
36. Cameron AR: Freecalc software Version 2. 2001: Available at http://www.ausvet.au.
Ryan et al. Irish Veterinary Journal 2012, 65:8 Page 11 of 11
http://www.irishvetjournal.org/content/65/1/837. Cameron AR, Baldock FC: Two-stage sampling in surveys to substantiate
freedom from disease. Prev Vet Med 1998, 34:19–30.
38. Cameron AR, Baldock FC: A new probability formula for surveys to
substantiate freedom from disease. Prev Vet Med 1998, 34:1–17.
39. Heath SE, Johnson R: Leptospirosis. J Am Vet Med Assoc 1994, 205:1518–1523.
40. Bahaman AR, Marshall RB, Hellstrom JS: A serological study of bovine
leptospirosis in the district of Taranaki. N Z Vet J 1984, 32:134–136.
41. Ellis WA, Michna SW: Bovine leptospirosis: a serological and clinical study.
Vet Rec 1976, 99:387–391.
42. Cameron AR: Survey toolbox - a practical manual and software package
for active surveillance of livestock diseases in developing countries.
Canberra: Australian Centre for International Agricultural Research; 1999.
43. Edwards JR: Surveys and questionnaires: design, conduct and analysis. In
Epidemiological Skills in Animal Health; 1–5 October 1990. Sydney: Post Graduate
Committee in Veterinary Science, University of Sydney; 1990:151–158.
44. Faine S (Ed.). Guidelines for the Control of Leptospirosis: World Health
Organisation, Geneva; 1982.
45. Cho HJ, Gale SP, Masri SA, Malkin KL: Diagnostic specificity, sensitivity and
cross-reactivity of an enzyme-linked immunosorbent assay for the
detection of antibody against Leptospira interrogans serovars pomona,
sejroe and hardjo in cattle. Can J Vet Res 1989, 53:285–289.
46. Trueba GA, Bolin CA, Thoen CO: Evaluation of an enzyme immunoassay
for diagnosis of bovine leptospirosis caused by Leptospira interrogans
serovar hardjo type hardjo-bovis. J Vet Diagn Invest 1990, 2:323–329.
47. Bercovich Z, Taaijke R, Bokhout BA: Evaluation of an ELISA for the
diagnosis of experimentally induced and naturally occurring Leptospira
hardjo infections in cattle. Vet Microbiol 1990, 21:255–262.
48. Surujballi O, Henning D, Marenger R, Howlett C: Development of a
monoclonal antibody-based competitive enzyme-linked immunosorbent
assay for the detection of Leptospira borgpetersenii serovar hardjo type
hardjobovis antibodies in bovine sera. Can J Vet Res 1997, 61:267–274.
49. Surujballi OP, Marenger RM, Eaglesome MD, Sugden EA: Development and
initial evaluation of an indirect enzyme-linked immunosorbent assay for
the detection of Leptospira interrogans serovar hardjo antibodies in
bovine sera. Can J Vet Res 1997, 61:260–266.
50. Surujballi O, Mallory M: An indirect enzyme linked immunosorbent assay
for the detection of bovine antibodies to multiple Leptospira serovars.
Can J Vet Res 2004, 68:1–6.
51. Kocabiyik AL, Cetin C: Detection of antibodies to Leptospira interrogans
serovar hardjo by the microscopic agglutination test and Enzyme-linked
immunosorbent assay in cattle sera. Indian Vet J 2003, 80:969–971.
52. Bomfim MRQ, Ko A, Koury MC: Evaluation of the recombinant LipL32 in
enzyme-linked immunosorbent assay for the serodiagnosis of bovine
leptospirosis. Vet Microbiol 2005, 109:89–94.
53. Tomich RGaP, Bomfim MRQ, Koury MC, Pellegrin AO, Pellegrin LA, Ko AI,
Barbosa-Stancioli EF: Leptospirosis serosurvey in bovines from Brazilian
Pantanal using IGG ELISA with recombinant protein LipL32 and
microscopic agglutination test. Braz J Microbiol 2007, 38:674–680.
54. Humphry RW, Cameron A, Gunn GJ: A practical approach to calculate
sample size for herd prevalence surveys. Prev Vet Med 2004, 65:173–188.
55. Pritchard DG, Allsup NJ, Penycott TW, Stebbings D: A survey of Leptospiral
agglutinating antibody in beef and dairy cattle in Herefordshire,
England. Isr J Vet Med 1987, 43:342–343.
57. Wikse SE, Rogers GM, Ramachandran S, Engelken TJ, Epperson WB, Larson
RL, Maas J, Richey E, Bolin C: Herd Prevalence and Risk Factors of
Leptospira Infection in Beef Cow/calf Operations in the United States:
Leptospira borgpetersenii Serovar Hardjo. Bovine Practitioner 2007, 41:15–
23.
57. Ellis WA, Songer JG, Montgomery J, Cassells JA: Prevalence of Leptospira
interrogans serovar Hardjo in the genital and urinary tracts of non-
pregnant cattle. Vet Rec 1986, 118:11–13.
58. Pritchard DG, Allsup, TN, Pennycott, TW, Palmer, NMA, Woolley, JC, Richards,
MS: Analysis of Risk Factors for Infection of Cattle Herds with Leptospira
interrogans serovar Hardjo. In Proceedings of the Society for Epidemiology
and Preventive Medicine, Exeter University, UK, 1989, 130–138.
59. Hathaway SC, Little TWA: Epidemiological study of Leptospira Hardjo
infection in second calf dairy cows. Vet Rec 1983, 112(10):215–218.
60. Agaev IA: Self-perpetuation of foci of bovine leptospirosis. Zhurnal
Mikrobiologii, Epidemiologii i Immunobiologii 1992, 3:41–44.
61. Hathaway SC: Leptospirosis in New Zealand: an ecological view. N Z Vet J
1981, 29:109–112.62. Lilenbaum W, Santos MRC: Effect of management systems on the
prevalence of bovine leptospirosis. Vet Rec 1996, 138:570–571.
63. Corboz L, Leisi U, Bertschinger HU: Epidemiology of leptospirosis in
Switzerland - regional prevalence of antibodies to L. hardjo in the
bovine population. Isr J Vet Med 1987, 43:323–326.
64. Elder JK, McKeon GM, Duncalfe F, Ward WH, Leutton RD: Epidemiological
studies on the ecology of Leptospira interrogans serovars pomona and
hardjo in Queensland. Prev Vet Med 1986, 3:501–521.
65. Segura-Correa VM, Solis-Calderon JJ, Segura-Correa JC: Seroprevalence of
and risk factors for Leptospiral antibodies among cattle in the State of
Yucatan, Mexico. Trop Anim Health Prod 2003, 35:293–299.
66. MÃ Luna Ãlvarez, Cervantes LP Moles y, GavaldÃn Rosas D, Nava Vasquez C,
Salazar GarcÃa F: Retrospective seroprevalence study of bovine
leptospirosis in Mexico considering the ecological regions. Rev Cubana
Med Trop 2005, 57:28–31.
67. Miller DA, Wilson MA, Beran GW: Survey to estimate prevalence of
Leptospira interrogans infection in mature cattle in the United States. Am
J Vet Res 1991, 52:1761–1765.
68. Kingscote BF: The diagnosis of Leptospira serovar hardjo infection in
cattle in Canada. Can Vet J 1985, 26:270–274.
69. Prescott JF, Miller RB, Nicholson VM, Martin SW, Lesnick T: Seroprevalence
and Association with Abortion of Leptospirosis in Cattle in Ontario. Can
Vet J 1988, 52:210–215.
70. Grooms DL: Reproductive losses caused by bovine viral diarrhea virus
and leptospirosis. Theriogenology 2006, 66:624–628.
71. Otte MJ, Ravenborg T, Hüttner K: A pilot study of elevated abortion and
stillbirth ratios in cattle in the foothills of the Eastern plains of Colombia.
Prev Vet Med 1995, 22:103–113.
72. Whittier WD, David EA, Rings DM: Investigation of Abortions and Fetal
Loss in the Beef Herd. In Food Animal Practice (Fifth Edition). Saint Louis: W.
B. Saunders; 2009:613–618.
73. Daniel Givens M, Marley MSD: Infectious causes of embryonic and fetal
mortality. Theriogenology 2008, 70:270–285.
74. Guitián FJ, García-Peña FJ, Oliveira J, Sanjuán ML, Yus E: Serological study
of the frequency of Leptospiral infections among dairy cows in farms
with suboptimal reproductive efficiency in Galicia, Spain. Vet Microbiol
2001, 80:275–284.
75. Givens MD: A clinical, evidence-based approach to infectious causes of
infertility in beef cattle. Theriogenology 2006, 66:648–654.
76. Hanson LE: Bovine leptospirosis and infertility. Proceedings of the American
Association of Bovine Practitioners 1984, 16:159–162.
77. Dhaliwal GS, Murray RD, Dobson H, Montgomery J, Ellis WA: Reduced
conception rates in dairy cattle associated with serological evidence of
Leptospira interrogans serovar hardjo infection. Vet Rec 1996, 139:110–114.
78. Dhaliwal GS: Leptospirosis and subfertility in dairy cattle. PhD Thesis.
University of Liverpool, Department of Veterinary Clinical Science and
Animal Husbandry, 1994.
79. Pate GE, Hogan MC, Fitzsimon N, Mellotte GJ: A review of the epidemiology
of leptospirosis in the Republic of Ireland. Ir Med J 2000, 93:114–117.
80. Stanford CF, Connolly JH, Ellis WA, Smyth ETM, Coyle PV, Montgomery WI,
Simpson DIH: Zoonotic infections in Northern Ireland farmers. Epidemiol
Infect 1990, 105:565–570.
doi:10.1186/2046-0481-65-8
Cite this article as: Ryan et al.: Seroprevalence of Leptospira Hardjo in
the Irish suckler cattle population. Irish Veterinary Journal 2012 65:8.
